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Abstract. The aim of this study was to update the Chilean male workers’ anthro-
pometric database to be used for design purposes and to examine the secular
changes observed in a group of anthropometric variables for Chilean male work-
ers. Data collection involved a sample of 2,346 male workers with ages ranging
from 18 to 65+, assigned to the Mutual de Seguridad C.Ch.C in the two most
populated regions of Chile (Valparaiso and Metropolitana) distributed in nine
economic activities branches. Data collection was performed by two teams of 3
physiotherapies each. Before starting the collection process, the measurement
teams underwent a training session of one week that included a theoretical ses-
sion on the basic concepts of anthropometrics, as well as some practical instruc-
tions. A total of 32 anthropometric measures were gathered following the ISO
standard 7250-1. Before applying the data, a checking process was carried out,
trying to identify errors related to the data collection process. The magnitude of
the positive secular trend for the stature was 1.0 cm per decade and the highest
value was found for shoulder breadth, with a positive increase of 2.7 cm per dec-
ade. The results obtained allowed to observe the existence of a positive secular
trend for most of the selected body measurements. Finally, it was also possible
to verify that the current research may be used for design purposes and to estab-
lish the baseline data for long-term observation regarding anthropometric
changes among Chilean male workers.
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1 Introduction

Anthropometry is concerned with body measurements of people, with the aim of
achieving comfort, optimal fit and usability [1]. Anthropometric data of populations is
a key input to produce high levels of physical accommodation. All products for the final
user, as well as products for work systems, need to be adjusted to the anthropometric
characteristics of people that will be using them on a regular basis.

Our first and only database was created nearly two decades ago [2]. The use of these
data could make designs inadequate, mainly if one considers that the data can be out-
dated, in particular due to the existence of secular trend. The secular trend is the growth
observed over long periods of time on a specific population. It has been defined as an
increase in the average stature between people of the same age along successive gener-
ations [3]. This positive secular trend has been observed in different countries, with an
average growth in stature between 0.7 cm and 4.0 cm per decade [4,5]. Positive secular
trends have been observed in several countries [6—9]. Furthermore, this positive secular
trend can stop after a period of continuous growing, such was the case for the Dutch
population, which stopped growing taller after a period of almost 150 years [10]. Sec-
ular trend is caused by changes in environmental conditions, both favoring or hindering
the full expression of biological (genetic) potential, such as infectious diseases, nutri-
tion, poverty and suffering [11]. A positive secular trend is also assumed to reflect
changes in living standards and dietary habits [12].

Increasing prevalence of musculoskeletal problems in working populations has
been a concern in developed and developing countries [13—15]. If a product has a low
level of match with a particular end-user population, there could be an increase on bio-
mechanical stress of joints and muscles, thus contributing to a relevant extent to the
occurrence of musculoskeletal disorders [16,17].

The use of incorrect anthropometric dimensions and the failure to consider the
changes resulting from secular trends threatens the sustainability of products and spaces
over time, since in the face of possible problems, they will have to be modified, with
the costs involved once they have been manufactured [18].

The main objective of the following work was to document and update the anthro-
pometric database for Chilean male workers. A second objective was to determine the
presence of a secular trend among Chilean male workers.

2 Methods

2.1  Sample

A representative group of male workers, with ages ranging from 18 to 65+, assigned to
the Mutual de Seguridad C.Ch.C (hereinafter called workers) in the 2 most populated
regions of Chile (Valparaiso and Metropolitana) distributed in 9 branches of economic
activity (Agriculture and Fishing, Mining, Manufacturing, Electricity, Construction,
Commerce, Transport and Communications, Financial Services, and Communal and
Personal Services) was used. For each region, a stratified sampling plan was carried out



by economic activity, by means of clusters. For this investigation, a cluster corresponds
to a group of 20 workers. To calculate the number of clusters in the sample, p = 0.5 was
selected, which corresponds to the proportion of workers who have anthropometric
measures outside the usual ranges. This proportion gives the maximum sample size or
number of clusters to be selected from the population in each region. The estimated
error was set at 0.04. To determine the number of clusters in the sample for each of the
regions, the data on the number of average monthly workers and the weighting by eco-
nomic activity were used. The estimated sample of workers for the region of Valparaiso
was fixed at 760 and for the Metropolitan region at 1,320. Finally, considering the gen-
der distribution in Mutual de Seguridad C.Ch.C the final sample estimated was 1,493
male workers.

2.2  Data collection

In order to define a large number of dimensions for different design purposes, the fol-
lowing anthropometric measures were considered [19], and are described below:

o  Weight: total mass (weight) of the body.

e  Stature: vertical distance between the floor and the top of the head, measured
with the subject erect and looking straight ahead (Frankfurt plane).

e Body mass index (unit): calculated through Weight (kg)/ Stature (m2).

e  Eye height: calculated through (Stature — (Sitting height — Eye height sit-
ting)).

o  Shoulder height: calculated through (Stature — (Sitting height — Shoulder
height sitting)).

o Elbow height: calculated through (Stature — (Sitting height — Elbow height
sitting)).

e  Knuckle height: vertical distance from the floor to metacarpal III (i.e. the
knuckle of the middle finger).

o Sitting height: vertical distance between subject’s seated surface to the top of
the head, measured with the subject erect and looking straight ahead (Frank-
fort plane).

o Eye height sitting: vertical distance between the sitting surface to the inner
canthus (corner) of the eye (head in Frankfurt plane).

o  Shoulder height sitting: vertical distance from subject’s seated surface to the
acromion.

e  Subscapular height: vertical distance from the lowest point (inferior angle) of
the scapula to the subject’s seated surface.

e  Grip reach. Forward reach: horizontal distance from a vertical surface to the
grip axis of the hand while the subject leans both shoulder blades against the
vertical surface.

e Elbow grip length: horizontal distance from back of the upper arm (at the el-
bow) to grip axis, with elbow bent at right angles.

e  Shoulder-elbow length: calculated through (Shoulder height sitting — Elbow
height sitting).




o Elbow height sitting: taken with a 90° angle elbow flexion, as the vertical
distance from the bottom of the tip of the elbow (olecranon) to the subject’s
seated surface.

e  Abdominal depth: maximum horizontal distance from the vertical reference
plane to the front of the abdomen in the standard sitting position.

e Thigh Clearance: vertical distance from the highest uncompressed point of
thigh to the subject’s seated surface.

e  Buttock-Popliteal Length: horizontal distance from the popliteal surface to
the rearmost point of the buttock.

e Buttock-knee length: horizontal distance from the foremost point of the
knee-cap to the rearmost point of the buttock.

e Knee height: vertical distance from the floor or footrest to the highest point
of the superior border of the patella.

e Popliteal height: vertical distance from the floor or footrest to the posterior
surface of the knee (popliteal surface).

e  Shoulder (bideltoid) breadth: distance across the maximum lateral protru-
sions of the right and left deltoid muscles.

o Elbow to elbow breadth: maximum horizontal breadth across the elbows.

e  Hip breadth: horizontal distance measured in the widest point of the hip in
the sitting position

e Hand length: perpendicular distance from a line drawn between the styloid
processes to the tip of the middle finger.

e Hand Breadth (across thumb): projected distance between radial and ulnar at
the level of the metacarpal-phalangeal joint of digit 1 to the ulnar side of the
hand. second to the fifth metacarpal.

e Hand Breadth (metacarpal): projected distance between radial and ulnar met-
acarpals at the level of the metacarpal heads from the second to the fifth met-
acarpal.

e  Foot breadth: maximum distance between medial and lateral surfaces of the
foot perpendicular to the longitudinal axis of the foot.

e Foot length: maximum distance from rear of the heel to tip of the longest
(first or second) toe, measured parallel to the longitudinal axis of the foot.

e Head circumference: maximum, approximately horizontal, circumference of
head measured above the glabella and crossing the rearmost point of the
skull.

e Neck circumference: circumference of neck at a point just below the bulge at
the thyroid cartilage.

e  Waist circumference: circumference of trunk at a level midway between the
lowest ribs and the upper iliac crest.

The measurement process was carried out by a team of six physiotherapists, divided
in two teams. Before starting the survey, the measurement teams underwent a one-week
training session, including a theoretical approach to anthropometrics, as well as practi-
cal instructions lectures. They spent a considerable amount of time practicing the meas-
urements in order to achieve high consistency between measurers. At the end of the



training session, a pilot study was developed with a sample of 25 volunteers that were
measured twice by the two teams and both inter- and intra-measurer reliability were
assessed using the Intraclass Correlation Coefficient (ICC) model’s "two-way mixed"
and "absolute agreement" types. Correlations were interpreted according to the ranges
suggested by Portney and Watkins [20], namely an ICC>0.50 was interpreted as being
moderate and an ICC>0.75 was interpreted as being strong. The results show that meas-
urers have a strong value of inter- and intra-reliability.

Finally, quality data process was done through different steps, namely: observation
of mean, minimum, and maximum values, calculation of the different measurements,
observation of scatter plot graphics (Stature and Weight with the other variables) and
percentiles’ profile.

2.3  Ethics

The data collection process was approved by the Committee of Ethics at Chilean Con-
struction Chamber (Camara Chilena de la Construccion). Written consent was obtained
from the workers before starting the measurement process.

2.4  Statistical Analysis

All the anthropometric data were analyzed using MS Excel and SPSS (v24.0. SPSS
Inc., Chicago, IL). An Independent t-test (with a 95% confidence interval) was per-
formed to examine the differences in measurements between the sample from 2016 and
1995. Although the normality of the 1995 sample was not calculated, due the impossi-
bility to access to the full data set [2], t-tests can be considered fairly robust for validity
against non-normality [21]. Absolute and relative differences between the two samples
were calculated, with positive changes (+) indicating secular increases in mean values,
and negative changes (-) indicating secular declines in mean values.

3 Results and discussions

A of 2346 volunteers’ workers was obtained (not randomly selected), exceeding the
estimated sample of 1,493 workers.

As it can be seen in Table 1, the average stature was 1710 mm (SD: 65). Addition-
ally, from Table 1 it can also be seen that the average weight was 81.4 kg (SD: 13.1).
Average BMI fell into the overweight category (25> BMI < 29,9) [22], thus showing
that Chilean male workers are following the global epidemic of excessive weight
[3,23-25].

By looking at Table 1, it can be seen that stature (1.3%) had an increase that was
considerably smaller than the weight increase (17.5 %). This finding also indicates that
the Chilean male workers are following the global trend of obesity [26]. As seen in
Table 1, the homogeneity of the dimensions expressed by the standard deviations was
quite diverse. However, some dimensions had a higher dispersion such as, eye height
(63.8), shoulder height (59.9), elbow height (48.3), abdominal depth (39.4), elbow to



elbow breadth (47.8) and waist circumference (95.0). The dispersion of the aforemen-
tioned dimensions can have an impact in designs. The positive secular trend of Chilean
male workers was expected, since it was common on many other populations [3].

As shown in Table 1, out of the 18 anthropometric dimensions compared, 13 pre-
sented a positive secular growth for both genders. The ones that had a higher increase
were: thigh clearance (18.1%), weight (17.5%), shoulder breadth (14.7%), popliteal
height (8.8%); buttock-popliteal length (7.9%) and hip width (5.4%).

The increase observed in the Chilean male adult working population points out that
there is a need to update designs, especially those associated with the seated posture.
According to Molenbroek et al. [27], those increments have an impact on chair and
sitting design. Shoulder breadth, shoulder height sitting, buttock-popliteal distance, and
hip width; are directly used as fitting criteria for backrest width, backrest height, seat
depth and seat width. Popliteal height also showed an increase and is commonly used
to establish seat height [28]. The mismatch could be greater on products that are used
for extended periods of time, such as public transports, since they do not account for
secular changes. Office furniture design would also be affected, since the same varia-
bles that experienced an increase may affect the chair/desk match. Chilean male work-
ers show an increase of 18,1% on thigh clearance, therefore the under de table space on
fixed working stations, desks and production lines can be unproperly fitted. Other de-
signs should also be reviewed, such as industrial workstations and personal protective
equipment. The data presented in this study could also be used to purchase and import
currently existing products on the market.

Also, from Table 1, comes to attention that three dimensions showed a decrease:
elbow breadth (-6%), elbow height sitting (-3.7%) and elbow height standing (-0.3%).
Possible explanations could be different productive sectors from which both samples
were selected, since the 1995 sample had only three industrial sectors, compared to nine
from the current study. Measuring technique and supervision could also be a possible
explanation for this variation, since during our measurement project it was observed
that subjects modified their posture while being measured, particularly for elbow height
(sitting and standing). For example, it was quite often that one of the researchers had to
lower the subjects' arm, since the subject shrugged their shoulder when the anthro-
pometer touched the elbow. Additionally, the 1995 study only used two observers that
inter-changed functions between them, which could have induced error. The lack of a
third observer could have made it more difficult to address any postural deviations of
the participants while being measured [29].

Manual measurements were used on the current study. This choice was made
to reduce costs but also because it is highly accurate if used properly, meaning that
measurers follow extensive practice sessions and training and their intra- and inter-rater
error are measured and corrected accordingly [30]. It would have been ideal to also use
3D scanners, but there are none available in Chile. 3D scans, which are a very good
complement to assess bio-type, and body/head shapes [31,32]. Findings of the present
paper are somewhat limited by the fact that these are based on the analysis of only two
regions of Chile (two most populated ones). Despite these limitations, this is the first
update to the anthropometric data of Chilean workers.



Table 1. Anthropometric data collected in the present study and comparison with the sample

from 1995
Variables (mm) 2016 1995 Difference

Mean  SD  Mean _SD Absolute value %
Weight (Kgs) 814  13.1 693 11.0 12,15 175
Stature 17100 650 1688.0 67.0 22.0%* 1.3
Body mass index (unit) 27.8 3.9 - - -- --
Eye height 1600.7  63.8  1584.0 67.0 16.7%+%* 1.1
Shoulder height 14162 599 13920 60.0 24.2%% 1.7
Elbow height 10419 483 10450 49.0 -3.1% -0.3
Knuckle height 758.8 383 742.0 45.0 16.8%** 2.3
Sitting height 9123 35.0 897.0 35.0 15.3%* 1.7
Eye height sitting 803.5 333 794.0 42.0 9.5%* 1.2
Shoulder height sitting 619.0 28.5 602.0 38.0 17.0%* 2.8
Subscapular height 460.6 27.2 - - - -
Grip reach. forward reach 740.9 39.0 -- -- -- --
Elbow grip length 340.3 18.5 -- -- -- --
Shoulder-elbow length 374.4 23.2 - - - -
Elbow height sitting 244.6 24.4 254.0 40.0 -9.4%% -3.7
Abdominal depth 267.6 394 256.0 40.0 11.6%* 4.5
Thigh Clearance 165.4 14.9 140.0 18.0 25.4%* 18.1
Buttock-Popliteal Length 496.5 24.6 460.0 31.0 36.5%* 7.9
Buttock-knee length 590.4 27.5 575.0  36.0 15.4%* 2.7
Knee height 522.6 25.7 -- -- -- --
Popliteal height 436.2 232 401.0 28.0 35.2%* 8.8
Shoulder (bideltoid) breadth 475.0 30.1 4140 320 61.0%* 14.7
Elbow to elbow breadth 487.7 47.8 519.0 49.0 -31.3%* -6.0
Hip breadth 362.5 26.1 3440 29.0 18.5%%* 5.4
Hand length 181.1 9.4 -- -- -- --
Hand Breadth (across thumb) 100.9 5.4 - - -- --
Hand Breadth (metacarpal) 85.1 4.5 - - -- --
Foot breadth 97.2 5.3 - - - -
Foot length 254.0 11.8 - - - -
Head circumference 567.0 16.0 - - - -
Neck circumference 395.0 28.0 - - - -
Waist circumference 925.0 95.0 - - - -

*<0.05. *¥*<0.01



4 Conclusions

Anthropometrics is a key input for sustainable and healthy product design. So far, a
large amount of studies has been made to improve designs using anthropometrics. Up-
dated data are necessary to make those intentions into a reality. Chileans male workers
are now heavier (by 12.1 kg) and taller (by 22.0 mm) than they were in 1995. However,
weight increased more (17.5%) than stature (1.3%), which is coherent with the ob-
served global obesity trend. In addition to weight and stature, other anthropometric
measures have also increased significantly during the last two decades, such as popliteal
height (35.2 mm), hip width (18.5 mm), buttock-popliteal length (40 mm), buttock-
knee length (15.4 mm), shoulder height standing (24.2 mm), knuckle height (16.8 mm).
Those segmental dimensions that experienced a greater increase are highly associated
to seated design match.

A wide range of recent studies have emphasized the importance of up to date anthro-
pometrics in order to produce effective and safe designs. Thus, the data presented in
this study shows the need to review designs for Chilean workers, especially public
transport seating and office furniture. Other designs such as industrial workstations and
personal protective equipment or elevators should also be reviewed in order to under-
stand the level of match covered of the Chilean workers. Finally, we hope that designers
and the Occupational Health and Safety community can disseminate and use the data
of 2016 presented in this paper, in such a way that they can be applied to specific and
safer designs for Chilean male workers
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